Intramuscular myoblast transplantation in humans and nonhuman primates requires precise repetitive cell injections very close to each other. Performed with syringes operated manually throughout large regions, this procedure takes a lot of time, becoming tiring and thus imprecise. We tested two repetitive dispensers with Hamilton syringes as cell injection devices to facilitate this procedure. Monkeys received intramuscular allotransplantations of β-galactosidase-labeled myoblasts, using either a monosyringe or a multisyringe repeating dispenser. The monosyringe repeating dispenser allowed performing cell injections faster and easier than with a manually operated syringe. The multisyringe dispenser accelerated the procedure still more, but it was not ergonomic. Biopsies of the myoblast-injected sites 1 month later showed abundant β-galactosidase-positive myofibers, with the same density and morphological pattern observed following myoblast transplantation with a syringe operated manually. We recommend the monosyringe repeating dispenser for myoblast transplantation in skeletal muscles and maybe in the heart.
INTRODUCTION
the intramuscular cell delivery in nonhuman primates and humans, we tested the usefulness of laboratory dispensers available in the market for the repetitive delivTransplantation of myogenic cells has several potential applications in the clinics. The most important are ery of small volumes of liquid as cell injection devices to accelerate and facilitate the task of injecting mythe therapeutic management of genetic recessive myopathies (5, 11, 12) , traumatized skeletal muscles with myooblasts. fiber loss (1, 2) , and ischemic cardyopathies (4,7). Col-MATERIALS AND METHODS laterally, genetically modified myoblasts transplanted Animals into skeletal muscles are considered promising vehicles for the systemic or local delivery of hormones or factors Six adult cynomolgus monkeys (Macaca fascicularis) were used as receivers for myoblast allotransplan- (3, 8, 9, 18) . A technical constraint of myoblast transplantation is the strategy needed to deliver the cells. An effitations. For transplantations and biopsies, the animals were kept under general anesthesia with isofluorane cient incorporation of in vitro-cultured myoblasts throughout skeletal muscles in humans and nonhuman primates after induction with intramuscular ketamine. Ketoprofen was given for analgesia during three postoperative days. requires to implant the cells intramuscularly through repetitive injections very close to each other, delivering These procedures were authorized by the Laval University Animal Care Committee. the cell suspension homogeneously during each needle withdrawal (13-16). Performing this procedure throughCells out skeletal muscles with only a syringe operated manually takes a lot of time and the repetitive task risks to Myoblast cultures were obtained from skeletal muscle biopsies done previously in other cynomolgus monbecome tiring and thus imprecise. Searching to improve 660 SKUK, GOULET, AND TREMBLAY keys. The biopsies were dissociated with collagenase
Monitoring of Monkeys and trypsin. The primary cultures were grown and then Monkeys were controlled daily. Weight was measubcultured in vitro in modified MCDB 120 medium sured once a week. Hematological and biochemical with 15% fetal bovine serum (Valley Biomedical, Winanalyses were performed. Blood samples were taken at chester, VA) and 10 ng/ml of basic fibroblast growth different intervals to determine the blood levels of tafactor (Wisent, St-Bruno, QC, Canada). The cells were crolimus, which were measured with an IMx Tacrolimus infected two times in vitro with a retroviral vector II kit for microparticle enzyme immunoassay (Abbott, (LNPOZ) encoding the LacZ gene (gift from Dr. C.
Wiesbaden, Germany). Cepko, Harvard University, Boston, USA) to analyze RESULTS the success of transplantation through the expression of β-galactosidase (β-Gal) in the myoblast-transplanted
The PB600-1 repeating dispenser was easy to hold muscle.
and to operate during the procedure of cell injection (Fig. 1B, C) . Control of the device (intramuscular peneCell Transplantation tration of the needle followed by its withdrawal with Cells were detached from the flasks with trypsin and simultaneous pushing of the piston to deliver the cell washed in Hank's balanced salt solution. They were resuspension homogeneously in the injection trajectory) suspended in the same salt solution and implanted in was done with only one hand, leaving the other free for the biceps brachii and quadriceps femoris by performing other tasks, such as holding the recipient muscle or close parallel cell injections (2 or 1 mm of distance becleaning blood with a gaze. Two more factors helped tween each other) throughout the selected skeletal musto make the procedure faster than that with a manually cle volume. Cell injections were done with one of two operated syringe. First, because a constant small celldevices: 1) A 250-µl syringe (Hamilton, Reno, NV) suspension volume was automatically delivered each attached to a PB600-1 repeating dispenser (Hamilton); time the button was pushed, the operator did not need 2) a multisyringe dispenser (Matrix Technology Corp., to put attention to the accurate manual pushing of the Hudson, NH) adapted by us to hold three 250-µl syringes piston trying to deliver small and constant volumes at (Hamilton). Needles used for transplantation were 27 each injection trajectory. Second, the device allowed usgauge. Both devices (Fig. 1 ) allowed delivering 5 µl of ing syringes of more capacity while preserving the decell suspension by injection trajectory each time the butlivery of small volumes of cell suspension per trajectory, ton was pushed.
and this implied reducing the frequency of syringe refilling. Globally, the time of the procedure was reduced to Immunosuppression less than a half of that required with a manually operated Monkeys received tacrolimus (a generous gift from syringe. Finally, the histological analysis of the biopsies Fujisawa Pharmaceutical Co., Ltd., Osaka, Japan) begintaken 1 month posttransplantation showed as many β-ning 7 days before transplantation and maintained until Gal+ myofiber profiles as those obtained with a manuthe end of the experiment. Tacrolimus was injected inally operated syringe, following the same pattern of toptramuscularly twice a day. The initial dosage of 0.5 mg/ ographical distribution (Fig. 2) . kg/day was adjusted to target tacrolimus blood levels
The multisyringe repeating dispenser reduced further between 40 and 70 ng/ml. the time needed for an efficient myoblast transplantation throughout a skeletal muscle, and the histological results Sampling were similar to those obtained with only a syringe or Biopsies were performed in the transplanted muscles with the monosyringe repeating dispenser. However, it 1 month posttransplantation. The biopsies were mounted had the following disadvantages: (a) it was not comfortin embedding medium and frozen in liquid nitrogen. Seably handled nor operated; (b) it had a lot of friction rial sections of 10-15 µm were made in a cryostat.
when pushing the button with this rigidity leading to a rapid fatigue of the thumb and the entire hand of the Histological Analysis operator; (c) the constant refilling of three closely β-Gal-positive (β-Gal+) myofibers were revealed in attached syringes at the same time was difficult. the muscle sections with X-Gal, as previously described DISCUSSION (6) . The density and topographical pattern of the β-Gal+ myofiber profiles in the sections were compared with After years of experience on myoblast transplantation in nonhuman primates (14, 15, 17) , and following our those previously obtained by our laboratory during myoblast transplantation experiments in cynomolgus monfirst human tests (13,16), we concluded that it would be important to develop specific instruments conceived for keys, using a similar strategy of cell injection but with a manually operated syringe.
this kind of task, allowing to perform efficient cell trans- plantations throughout whole skeletal muscles in huat the same time, and refilling of the syringes should be easy. mans in the shortest surgical delays. These instruments must fulfill some characteristics (i.e., they should deliver
In the absence of specific devices able to perform accurate repetitive injections of small quantities of cell very small quantities of cell suspension homogeneously through the needle trajectory, and should be ergonomisuspension, we tested in monkeys two dispensers available in the market to deliver repetitively small and equal cally conceived to be comfortably handled in the conditions of a myoblast transplantation procedure). Ideally, volumes of liquid. One was a monosyringe repeating dispenser (the PB600-1) and the other a multisyringe the device should operate coordinately several syringes dispenser. Both were adapted to hold Hamilton syringes sults, we believe that the intramuscular injection of myoblasts by using the PB600-1 repeating dispenser is a able to perform intramuscular injections as we did routinely in monkeys and humans with manually operated preferable alternative to the use of manually operated syringes. This monosyringe repeating dispenser was easy syringes. Both repeating dispensers gave similar histological results as manually operated syringes (i.e., the to operate in the conditions needed for cell transplantation in skeletal muscles of primates, the task becoming density and topographic distribution of β-Gal+ myofiber profiles in the biopsies taken 1 month posttransplantafaster than with a manually operated syringe. In fact, manually operated syringes need to be handled with both tion were similar). Given the equality of histological re-
